Purpose: We investigated the association between sleep disordered breathing and erectile dysfunction in older men. Materials and Methods: We performed a cross-sectional analysis of community dwelling men age 67 years or older enrolled in the Osteoporotic Fractures in Men Sleep Study. Participants underwent overnight polysomnography (2003 to 2005) and completed sexual health questionnaires (2005 to 2006). We defined sleep disordered breathing using the apnea-hypopnea index or nocturnal hypoxemia. Erectile dysfunction was defined using the MMAS (Massachusetts Male Aging Study) scale and, in sexually active men, the International Index of Erectile Function. We used logistic regression to examine the association between sleep disordered breathing and erectile dysfunction. Results: Mean participant age was 76AE5 years. Of the 2,676 men completing the MMAS, 70% had moderate to complete erectile dysfunction. Among 1,099 sexually active men completing the IIEF-5 (5-item International Index of Erectile Function), 26% had moderate to severe erectile dysfunction. A higher apnea-hypopnea index was associated with greater odds of MMAS defined moderate to complete erectile dysfunction after adjusting for age and study site (OR 1.39, 95% CI 1.00e1.92 for severe sleep disordered breathing vs none, p trend¼0.008), but not after further adjustment for body mass index, socioeconomic status and comorbidities (OR 1.05, 95% CI 0.75e1.49, p trend¼0.452). Greater nocturnal hypoxemia was associated with increased odds of MMAS defined moderate to complete erectile dysfunction (unadjusted OR 1.36, 95% Cl Accepted for publication September 20, 2016. No direct or indirect commercial incentive associated with publishing this article. The corresponding author certifies that, when applicable, a statement(s) has been included in the manuscript documenting institutional review board, ethics committee or ethical review board study approval; principles of Helsinki Declaration were followed in lieu of formal ethics committee approval; institutional animal care and use committee approval; all human subjects provided written informed consent with guarantees of confidentiality; IRB approved protocol number; animal approved project number.
1.04e1.80 vs none) but this was attenuated after adjustment for age and study site (OR 1.24, 95% CI 0.92e1.66). Sleep disordered breathing was not associated with erectile dysfunction by 5-item International Index of Erectile Function. Conclusions: In this cross-sectional analysis in older men sleep disordered breathing was associated with higher odds of erectile dysfunction in unadjusted analyses that was largely explained by higher body mass index and increased comorbidity among men with sleep disordered breathing. Prospective studies accounting for obesity and multimorbidity would further clarify the association of sleep disordered breathing and erectile dysfunction.
Key Words: erectile dysfunction, sleep apnea syndromes ERECTILE dysfunction is a common sexual health problem among older men, affecting more than 30 million men in the United States with a greater than 47% prevalence among men older than age 60. 1e3 In addition to age, established risk factors for ED include hypertension, diabetes mellitus and other comorbid conditions, smoking, low serum testosterone and obesity. 2, 4, 5 ED is associated with increased health care resource use and negatively impacts quality of life. 3, 6 Sleep disordered breathing, a disorder characterized by repeated cessation or reduction in airflow during sleep, accompanied by hypoxemia, shares several common risk factors and comorbid conditions with ED. 2, 7 In particular, older age, obesity and smoking predispose to SDB and ED. 2, 7 Indeed, patients with SDB may suffer disproportionately from ED compared to the general population. 8 The high prevalence of ED among men with SDB may be due to this confluence of risk factors and comorbidities rather than to SDB itself. 9 However, others suggest that SDB may independently lead to ED through SDB related hypoxia and sleep fragmentation that lead to occult pudendal nerve dysfunction as well as through psychogenic factors. 10 Should SDB lead to or exacerbate ED, then the corollary would be that treatment of SDB may represent a novel treatment for ED.
Published work to date regarding an independent association between SDB and ED is conflicting and limited to studies in middle-aged adults, with only a few studies using the gold standard measure of SDB, polysomnography.
9,11e13 Therefore, we performed a cross-sectional analysis in older men to assess the independent association between SDB, as measured by PSG, and prevalent ED among community dwelling older men participating in the MrOS Sleep Study. 
METHODS Participants

Sleep Data Collection and Definition of Sleep Parameters
Participants underwent unattended, in-home, overnight sleep studies using a portable PSG device (Safiro, CompumedicsÒ). Trained and certified personnel performed home visits to set up the PSG device and returned the next morning to collect it. The downloaded sleep study data were transferred to the Central Sleep Reading Center (Cleveland, Ohio), where certified polysomnographic technologists scored the sleep study data. SDB was defined using the AHI and percent of sleep spent at SaO2<90%. AHI was calculated by dividing the total number of apneas (defined as complete or near complete cessation of airflow for more than 10 seconds plus 4% or more oxygen desaturation) and hypopneas (defined as a clear reduction of air in breathing amplitude that occurred for greater than 10 seconds but did not meet the thresholds for apnea plus 4% or more oxygen desaturation) by the total time slept in hours (events per hour). 16 SDB severity was defined according to the AHI categories of normal (0 to 4.9 events per hour), mild (5 to 14.9 events per hour), moderate (15 to 29.9 events per hour) and severe (30 or more events per hour). 16 SDB also was measured by nocturnal hypoxemia, using the %time SaO2<90% in the 4 categories of less than 1%, 1% to 3.4%, 3.5% to 9.9% and 10% or more as in previous studies of nocturnal hypoxemia in the MrOS Sleep Study. 17 
Measures of Erectile Function
Data on sexual health were collected at the MrOS Study visit 2, on average 14 months after the sleep visit. ED was assessed using the self-reported single-item MMAS and, in the subset of men who self-reported sexual activity during the last 6 months, using the self-reported IIEF-5 (see supplementary Appendix, http://jurology.com/). Based on the MMAS, erectile dysfunction was classified into 4 categories of complete, moderate, minimal and not impotent. 4 Based on IIEF-5 total score (range 5 to 25) ED was classified into 5 severity levels (severed5 to 7, moderated8 to 11, mild to moderated12 to 16, mildd17 to 21, no EDd22 to 25). 18 For our analysis ED outcomes were defined dichotomously according to clinically relevant levels of ED and previously published literature. 4, 5, 18 For the MMAS minimal or no ED categories were grouped as no ED, and moderate or complete ED were grouped as ED. For IIEF-5 a cutoff score of 12 was used (severe and moderate ED vs mild to moderate, mild and no ED). 18 
Other Variables
Information on race, marital status, highest level of education, socioeconomic status and total and bioavailable testosterone levels was collected at the baseline of the MrOS parent cohort study. 19 Participant characteristics collected from the baseline MrOS Sleep visit included age, BMI, smoking status, alcohol use, sexual partners, selfreported health status, physical activity (PASE [Physical Activity Scale for the Elderly]), depression symptoms (Geriatric Depression Scale), DM (self-reported DM or use of antidiabetic drugs), HTN (self-reported HTN or use of antihypertensive drugs), peripheral vascular disease, heart disease (self-reported physician diagnosis of myocardial infarction, stroke, angina, congestive heart failure or peripheral vascular disease), and self-reported beta blocker, SSRI and PDE5 inhibitor use. 20 Lower urinary tract symptoms (American Urological Association symptom index) were queried at visit 2 of MrOS Sleep. 21 Centrally trained personnel performed all study visit procedures, collected medical information and verified self-reported current medications. A medication inventory was used to classify medications used in the preceding 30 days by matching each medication to its ingredient(s) based on the Iowa Drug Information Service drug vocabulary (College of Pharmacy, University of Iowa, Iowa City, Iowa). 22 
Statistical Analysis
We compared baseline characteristics between this selected cohort and MrOS Sleep participants who did not complete ED assessment using 1-way analysis of variance or chi-square tests for continuous and categorical variables, respectively. Similarly, we compared baseline characteristics across categories of MMAS and IIEF-5 defined ED. We used logistic regression models to examine the unadjusted association between SDB in 4 categories and the odds of ED. Thereafter, if the odds ratio remained statistically significant, the models were further adjusted for age and study site. Finally, if the odds ratio was statistically significant after adjustment for age and study site, we used a backward elimination analysis to develop a fully adjusted logistic regression model. Candidate variables included in the backward elimination procedure were age and study site a priori plus other clinically relevant confounding variables that were statistically significantly associated with predictor (SDB) and outcome (ED) (p <0.1) in univariate models. For the models presented, p for trend was reported. In addition, we performed tests of interaction between SDB and key covariates a priori believed to be potential effect modifiers of the association between SDB and ED, including BMI (continuous), and DM, HTN and heart disease. If p for interaction was <0.1, we performed stratified analyses. All statistical analyses were performed using SASÒ version 9.3 and statistical significance was achieved at a¼0.05.
RESULTS
Participant Characteristics
The mean age of the 2,857 men who participated in the sleep study and returned for a second study visit was 76.3 AE 5.5 years, and most were Caucasian (90.7%) and married (84.4%). Compared to men who did not complete the MMAS sexual function questionnaire, those who completed it were younger, more likely to be married and college graduates, and had better self-reported health and higher physical activity scores (supplementary table 1, http:// jurology.com/). Additionally, sexually active men who completed the IIEF-5 vs those who did not had higher SES and testosterone levels, and were less likely to have comorbidities or to use beta blockers, SSRIs or PDE5 inhibitors.
Prevalence and Characteristics of Participants by SDB Category
By the apnea-hypopnea index the prevalence of mild, moderate, and severe SDB was 34.3% (980), 16.5% (471) and 9.7% (278), respectively. Men with a higher AHI category were older, less likely to have a college education, had a lower SES and physical activity score, were more obese, were more likely to have comorbid conditions, and had greater beta blocker use (table 1) .
Overall 12% of men had at least 10%time SaO2<90%. Men with a higher %time SaO2<90% were older, more likely to be Caucasian, less likely to have a college education, had lower physical activity scores and testosterone levels, and were more obese and more likely to have comorbid conditions (supplementary table 2, http://jurology.com/).
Prevalence of ED
Of the 2,676 men who completed the MMAS questionnaire 27.2% had moderate ED and 42.6% had complete ED, measured by MMAS. Men with greater SDB severity by AHI had a higher prevalence of complete MMAS defined ED (53% for severe vs 43%, 42% and 41% for moderate, mild and no SDB, respectively) (table 1) . Also, men with greater nocturnal hypoxemia severity had a higher prevalence of complete MMAS defined ED (45% and 48% of men with %time SaO2<90% of 10% or greater and 3.5% to 9.9%, respectively, vs 43% and 40% with %time SaO2<90% of 1% to 3.4% and less than 1%, respectively (supplementary table 2, http://jurology.com/).
Of 1,099 men who completed the IIEF-5 questionnaire 9.7% had moderate ED and 16.0% had severe ED. Moderate to severe ED was most prevalent among those with severe SDB (by AHI) (32%) vs 23%, 26% and 25% for those with moderate, mild or no SDB, respectively (table 1) . However, we did not see a similar trend when SDB was defined as nocturnal hypoxemia (supplementary table 2 , http:// jurology.com/).
Association of SDB with Erectile Dysfunction
In the unadjusted regression model greater SDB severity (AHI) was strongly associated with greater odds of MMAS defined moderate to complete ED (OR 1.57, 95% CI 1.15e2.14 for severe SDB vs none, p trend <0.001, table 2). After adjusting for age and study site, this association persisted but was attenuated (OR 1.39, 95% CI 1.00e1.92 for severe SDB vs none, p trend¼0.008). However, after adjusting for age, study site, BMI, heart disease, DM, HTN, SES and Geriatric Depression Scale, the association between SDB (AHI) and MMAS defined moderate to complete ED was attenuated further and was no longer statistically significant (OR 1.05, 95% CI 0.75e1.49 for severe SDB vs none, p trend¼0.452, table 2). There were no significant interactions with AHI to predict MMAS defined ED. In the unadjusted regression model greater AHI severity was associated with greater odds of IIEF-5 defined moderate to severe ED, but this association was not statistically significant (OR 1.37, 95% CI 0.81e2.29 for severe SDB vs none, p trend¼0.694, unadjusted). Greater SDB severity, defined by %time SaO2<90%, was associated with increased odds of MMAS defined moderate to complete ED (OR 1.36, 95% CI 1.04e1.80 for %time SaO2<90% of 10% vs less than 1%, p trend¼0.005, unadjusted). However, this association was attenuated after adjusting for age and study site, and was of borderline statistical significance (OR 1.24, 95% CI 0.92e1.66 for %time SaO2<90% of 10% or greater vs less than 1%, p trend¼0.053). Greater nocturnal hypoxemia severity was not associated with higher odds of IIEF-5 defined moderate to severe ED (OR 0.78, 95% CI 0.49e1.25 for %time SaO2<90% of 10% or greater vs less than 1%, p trend¼0.535, unadjusted).
DISCUSSION
In this cohort of community dwelling older men greater SDB severity, as measured by AHI or %time SaO2<90%, was associated with greater odds of moderate to complete ED in unadjusted models. However, these associations were largely explained by older age, higher BMI, presence of heart disease, DM, HTN, depression symptoms and lower SES among men with SDB, and were not observed in the subset of men with recent sexual activity who completed the IIEF-5 questionnaire. Our findings suggest that although SDB and ED frequently occur together, this observed association may be explained by older age, higher BMI and more frequent comorbid conditions in older men with SDB.
Previous studies that have examined the association between PSG defined SDB and ED have reported conflicting results. A cross-sectional study of 209 men reported that severe, but not mild, SDB was associated with ED. 11 Another cross-sectional analysis of 401 men undergoing PSG for suspected SDB found a significant association between SDB (AHI 5 or greater) and mild to severe ED as defined by IIEF-15, 23 but only mean nocturnal SaO 2 was independently associated with ED after multivariate adjustment. 23 Notably, a few studies reported that treatment of SDB with CPAP improves erectile dysfunction in some patients. 12, 24 For example, in an uncontrolled study in men without DM or other metabolic disorders but with SDB and ED, defined by an inability to obtain or maintain an erection sufficient for sexual intercourse (6 or more months), Goncalves et al reported that 13 of 17 men (75%) who were treated with nasal CPAP for 1 month showed complete disappearance of ED. 12 Another uncontrolled study conducted in 60 men with SDB reported that 12 men (20%) showed an improved IIEF-5 score (from 10AE6 to 19AE6, p <0.01) after 17 months of CPAP treatment. 24 Aging men with comorbidities such as DM, HTN and vascular diseases were excluded from that study. 24 SDB produces several neural, hormonal and vascular abnormalities that may lead to ED. It has been suggested that occult nerve dysfunction, specifically pudendal neuropathy due to SDB related hypoxia, may be an underlying cause of ED in men with SDB. 10 Sleep fragmentation and nocturnal hypoxia from SDB may lead to impaired function of the hypothalamic-gonadal axis and a subsequent reduction in androgen production. 25 Indeed, in this study the levels of total and bioavailable testosterone were significantly lower in men with greater nocturnal hypoxemia severity. Other suggested mechanisms include sympathetic activation and vasoconstriction leading to decreased arterial penile flow, oxidative stress and endothelial impairment, glucose intolerance and insulin resistance, and physiological factors due to daytime sleepiness and SDB related mood changes.
26e29 Finally, SDB causes HTN, which is a well established risk factor for the development of ED. 2, 30 Our study has several strengths. The MrOS Sleep Study is a large, multicenter, well characterized cohort of community dwelling older men in the U.S. Our study is the first to our knowledge to examine the association between SDB and ED in an older cohort. Additional strengths of our study include diagnosis of SDB using polysomnography, measurement of SDB by AHI and nocturnal hypoxemia, ascertainment of ED by 2 extensively validated instruments, and adjustment for potential confounders and effect modifiers of the association between SDB and ED. Our study also has some limitations. Because the sexual health questionnaires were administered more than a year after the sleep study, we do not know the status of ED at the time of the sleep study. Therefore, we cannot comment on a temporal association between SDB and ED. Also, given our cross-sectional design there is the potential for overadjustment for factors such as heart disease and HTN that may be on the causal pathway. This may bias our results toward the null hypothesis. Finally, the generalizability of our findings is limited to community dwelling, mostly Caucasian, older men.
CONCLUSIONS
Our findings suggest that SDB and ED frequently occur together, but this observed association may be explained by older age, higher BMI and more frequent comorbid conditions in older men with SDB.
